Introduction. While the prolongation of life expectancy is due to medical, economic, social and public health advancements, longevity may not necessarily be an indicator of real development. Epidemiologic data indicate, in fact, that advanced age carries the risk of multiple diseases, disability and loss of autonomy. Materials and methods. How the years gained are lived need to be assessed evaluating quality of life, health status, and disability. Results and conclusions. Good health care planning should aim to ensure that the years of life gained are lived in good health conditions in the light of the World Health Organization's declaration that "increased longevity without quality of life is an empty prize. Health expectancy is more important than life expectancy".
INTRODUCTION
Population ageing is a demographic phenomenon with important economic, social and cultural consequences. In view of changing health and social services needs, assessment studies geared toward policy and services planning are warranted. The contraction of the working sector of the population is an important consideration as it leads to limited resources. The aim of assessment studies should be then that of addressing the needs of an ageing population in order to adequately plan for the future of an ageing society.
DEMOGRAPHIC AGEING
Demographic ageing is a function of three important factors: fertility, mortality and migratory flows [1] . When the birth rate is low, the bottom of the "age pyramid" becomes narrow reducing the number of young people in the general population. Baby boom years initially make the population younger but in the long run lead to rises in the percentage of older people in the population. Low death rates and variations in causes of death result in a shift in mortality in the oldest age groups and thus an ageing of the population at the top of the "age pyramid." Finally, depending upon the age groups of those who are immigrating and emigrating, migratory flows also influence ageing. While they can rejuvenate age groups over a brief period of time, in the long run they can lead to an increase in the elderly population.
The phenomenon of demographic ageing began in the 1930s in Italy when, thanks to better hygienic conditions, there was a decline in perinatal mortality. This was followed in the 1940s and '50s by an increase in life expectancy in children and young adults, in gen-Longevity and health expectancy in an ageing society: implications for public health in Italy Marianna Noale (a) , Federica Limongi (a) , Emanuele Scafato (b) , Stefania Maggi (a) and Gaetano Crepaldi (a) (a) Istituto di Neuroscienze, Consiglio Nazionale delle Ricerche, Sezione Invecchiamento, Padova, Italy (b) Centro Nazionale per l'Epidemiologia, la Sorveglianza e la Promozione della Salute, Istituto Superiore di Sanità, Rome, Italy orIgInAl ArtIcles And reVIews eral probably due to anti-infective drug development. In the 1960s and '70s an important lengthening of life expectancy was registered in persons over 65 thanks to a general improvement in living conditions [2] .
The Italian population has roughly doubled since its unification going from 26 million inhabitants in 1861 to 60 626 442 inhabitants in 2011 (the resident population on January 1, 2011) [3] . The population rose steadily after the '70s, was stable during the '80s and '90s, and then began to grow again especially as a result of immigration at the turn of the new millennium.
Beginning in the '90s the natural balance (i.e. the difference between the birth rate and the death rate in the anagraphic registers) of Italian residents began to show a decline not as a result of a rise in mortality rates but due to a lower birth rate. The average number of children born per Italian woman went from 2.34 children in 1952 to 1.19 in 1995 (the lowest rate) and then began to rise again reaching 1.33 in 2004 [3] .
Life expectancy at birth has increased by 43 years for men and by 48 years for women in less than 120 years, going from 35.2 years in 1881 to 78.8 years in 2008 for males and from 35.6 to 84.1 years for females [4] . The Italian National Institute of Statistics (ISTAT) estimates that life expectancy at birth will continue to increase arriving in 2050 at 85.3 years for males and approximately 90 for females (central hypothesis; [3] ).
The reduction in birth and death rates has caused population age structures to change, as can be seen in the pyramid outlined in Figure 1 Life expectancy at birth is an important indicator particularly in demographically young countries. In a progressively ageing society, life expectancy, however, is not an important value in itself as it does not take into account the prevalence increase in chronic, non-communicable degenerative diseases particularly affecting the oldest elderly. chronic diseases such as high blood pressure, osteoarthritis (arthrosis, arthritis), osteoporosis, diabetes, chronic respiratory diseases, neurological disorders, cardiovascular diseases, and sensory deficits are only a few of the conditions which frequently lead to states of illness and to progressive functional impairment and loss of autonomy. The economic impact of these conditions is important in terms of health care costs for diagnosis, treatment and rehabilitation [5] . But regardless of its cost, maintaining good functional efficiency is essential for the quality of life of elderly persons. Studies on population ageing must also take into consideration indicators measuring time spent free of disability and in good health.
HEALTH EXPECTANCY INDICATORS
Health expectancy indicators aim to assess life expectancy in particular states of health (in diseased states, in state of disability or in a specific self-perceived health state), combining information on mortality with that of morbidity. The general model of health transitions upon which health expectancies are based were outlined by the WHO in 1984 [6] defining, for the various age groups, the following: a) residual life expectancy; b) disability-free life expectancy; c) life expectancy without chronic disease. Health expectancy indicators can be utilized to detect differences in health status existing within and between countries making it possible to focalize on policies promoting health, to evaluate the impact of Females Males orIgInAl ArtIcles And reVIews health care planning, and to plan long term social and fiscal strategies. For example, according to some, age at retirement should not be calculated only on the basis of life expectancy but should be assessed in relation to life expectancy without chronic illness, which is an estimation of how many years an individual will be able to work during his/her lifetime.
The European Union has decided to include a set of indicators of health expectancy as a part of the European community Health Indicators (EcHI) to identify measures of disability, of chronic morbidity and self-perceived health, thus permitting the comparison of health expectancy between countries.
HEALTH EXPECTANCY CALCULATION
There is more than one method to estimate health expectancy: the differences between the methods regard the type of information that is necessary to make the calculation and the complexity of the calculation methods.
The Sullivan Method [7] utilizes prevalence data on disability or other pathologies with the aim of calculating the number of years lived with and without disability by a hypothetical cohort of subjects based on a mortality table. The data necessary for that calculation is easily attainable, but the method's principal limit is tied to the lack of information on the reversibility of some states of health or disability.
The Multiple Decrement Life Tables Method [8] takes into consideration death and transitions towards other states of health or disability defined a priori as possible events. The model does not foresee the possibility of returning to an initial state: death or disability are seen as absorbing states (i.e. there is no return to the initial status).
The Multistate Life Tables Method [9] [10] [11] considers mortality, the incidence of disability or other pathologies, and transitions between states of health in all possible directions as events. Disability and disease are considered temporary, not necessarily irreversible conditions, so incidence rates of disability or disease and remission rates are utilized. This method needs flow data arising from longitudinal studies or register data. Multistate Life Tables are constructed simulating for each age, the probability of onset of disability, healing and/or death and inferring from these the number of person-years lived in disabled conditions.
The Multistate Life Tables Method is considered an important instrument to understand current morbidity and mortality and their future implications on the population's health [12] . Some researchers developed simulations using French data to compare health expectancy calculated utilizing the Sullivan or the Multistate Life Tables [13] . Those researchers arrived at the conclusion that Sullivan's Method is not usable to discern quick changes in transition rates between states of disability, but provides a good estimate of multistate values when those changes are relatively linear and regular over a long time period. The Authors concluded affirming that the Sullivan Method seems to be acceptable to analyze, over a long period, tendencies in health expectancy in non stationary populations.
DISABILITY-FREE LIFE EXPECTANCY
The disability free life expectancy (DFLE) indicator, probably the most well known measure of health expectancy, is based on the Sullivan Method and measures the number of years that an individual is expected to live free of disability if current patterns of mortality and disability continue to apply. Numerous publications found in PubMed present the results of DFLE calculations focalizing on gender differences [14] [15] [16] [17] [18] [19] [20] , inequalities in social class defined on the basis of level of education or occupation [16, 20, [21] [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] and temporal trends [20, [34] [35] [36] [37] [38] [39] [40] [41] . Particular attention should be paid to international comparisons as these may reflect different definitions of disability or scales.
ESTIMATES IN EUROPE
The European Health Expectancy Monitoring Unit (EHEMU) and the European Health and Life Expectancy Information Systems (EHLEIS), which is the continuation of the former for the years between 2007-2010, have attempted to harmonize the data and analysis techniques utilized to estimate health expectancy in Europe.
The EHEMU elaborated estimates for the DFLE for the period between 1991 and 2003 based on data coming from the European community Household Panel (EcHP) Investigation. Those first calculations, defined as an exercise because of the limited data considered, show how life expectancy at birth has constantly risen in the period considered with only small variations between countries, while the DFLE shows different trends in the various countries also with regard to gender. The DFLE remains constant in some countries while in others it increases suggesting a compression of disability. It should be remembered that part of the differences in the estimated DFLE are due to the diversity in the method of measuring disability, given also methodological limits and cultural differences that may have an impact on self-reported disability.
The EHEMU has proposed new health expectancy estimates for the European Union for the year 2004 based on data from the SHARE study [42] . The SHARE Study has the advantage of permitting cross-national comparisons with regard to public health policies as well as cultural and historical aspects in different European countries. In 2004, the year of the baseline study, data from 11 European countries were available with regard to physical health and this made it possible to calculate different types of health expectancy as follows: -life expectancy based on self-perceived health; -life expectancy without chronic disease;
-life expectancy without mobility limitations; -life expectancy without limitations in activities of daily living (ADL); -life expectancy without instrumental activity restrictions (IADL). In general, the results show how women live a longer period of their lives with health problems with respect to men. The Netherlands seems to be the country with the best health expectancy. The EHEMU report concludes affirming that it will be interesting to compare the 25 countries belonging to the European Union with regard to responses to the statistics on income and living conditions (SILc) investigation.
The most recent European estimates calculated by EUROSTAT (the agency within the European Union charged with providing statistical information for the continent) for healthy life years referring to 2009 were constructed utilizing information on self-perceived disability. At birth a male subject resident in the 27 member states of the European Union (UE27) can expect to live almost 80% of his life free of disability, while his female counterpart can expect to live 75.2% of her life free of disability. There are clear differences between countries: males in Malta, Sweden, Bulgaria, Norway, Iceland, Romania on the average will live more than 85% of their future life free of disability, while those residing in Germany and Slovakia will live less than 75% of their future life in that condition. The countries where women's statistics are above the European average (percents above 80%) are Malta, Bulgaria, Sweden, Iceland, and Norway, while the percent of their lives that female newborns will live free of disability is 70% for Slovakia, Portugal, Germany and Finland. Italy, for whom data are available only for 2008, had values that are slightly inferior to the UE27 average both for males and for females. In fact, a male infant born in Italy will live on the average 79% of his life free of disability and a female newborn will live 72.4% disability free. [43] .
ESTIMATES IN ITALY
The Multiaim Investigation of Italian Families furnishes information on the self-perceived state of health, symptoms, chronic conditions, disability, and behaviours that influence the health of the population. It is an investigation conducted by ISTAT on a sample of families living in all regions of the country. The questionnaire was administered to persons of all ages over six years of age with the exclusion of persons permanently living in institutions or other forms of collective cohabitation such as rest homes for the elderly or the disabled. The Multiaim Investigation makes it possible to identify four types of disability: personal confinement (being bedridden or in a wheelchair, or home ridden), disability in activities of daily living, disability in movements (walking, climbing stairs, sitting down, lying down, bending over), sensory disability (difficulty in hearing, seeing or speaking). A person is defined disable if, excluding temporary limitations, he/she declares that he/she is unable to carry out at least one of the functions cited above despite the use of protheses, crutches, glasses, etc. Table 1 summarizes some results relative to the evolution of life expectancy and the DFLE in Italy. Both the life expectancy at 65 and the DFLE as well as the life expectancy in good health have risen in the period considered. In males the gain is higher both in terms of life expectancy at 65 (from 15.5 years in 1994 to 17.5 years in 2005) and life expectancy in good health at 65 (from 3.3 years to 4.7) as well as of the DFLE (from 12.7 years to 14.9) with respect to females. Figure 2 outlines the breakdown of life expectancy at 65 in self-reported good/poor health orIgInAl ArtIcles And reVIews status and in a condition with/without disability, considering 100 the total life expectancy at 65. The figure permits us to reflect on the fact that males expect to live a higher percentage of their life after 65 in a disability-free condition with respect to females. The advantage of females in terms of overall life duration is, unfortunately, accompanied by a higher percentage of life in a self-reported poor health status. A recent analysis conducted on data from the Multiaim Investigation broke down the DFLE in relation to contributions of disability and mortality, and illustrated how the gap in the DFLE between males and females is shrinking thanks to the rapid diminution in mortality rates in males [44] .
ISTAT has also provided regional estimates of life expectancy and the DFLE. The most recent year for which the estimates are available is 2005 (Table 2) . For both sexes the DFLE at 65 is higher in the Northern and central Regions of Italy. The major part of the regions of the south showed figures that are inferior to the national average and Sicily is the region with the worst figures.
CONCLUSIONS
In view of the evidence of the progressive ageing of our society some general indicators of mortality such as total life expectancy no longer appear sufficient to provide politicians and health care administrators with the data they need to coordinate and ensure appropriate health care planning. Good health care programs should aim not only to increase the life expectancy of the population but also to guarantee that the years of life gained are years lived in good health conditions, also in light of the WHO declaration affirming that "increased longevity without quality of life is an empty prize. Health expectancy is more important than life expectancy" [45] . It is essential then to study healthy ageing, defined as "the ideal situation in which people survive to an advanced age with their vigour and functional independence intact and with morbidity and disability compressed into a relatively short period before death". While the features of healthy ageing have not yet been clearly defined, some researchers such as those who were involved in the FUTURAGE -A road map for ageing Research European Project [46] have already begun to address the issue and other studies are being designed. Epidemiologic data demonstrate that advanced age carries in any population the increasing risk of being stricken by multimorbidity, of becoming disabled, and loss of autonomy [47, 48] . These risks depend on the fact that many diseases characterizing old age are chronic and disabling. The increase in the risk of comorbidity and disability as well as of psychosocial disturbances are characteristic of frailty in the elderly [49] . All of these negative characteristics become evident particularly after 75 and are responsible for the net increase in care needs and thus in socio-health costs connected to that age group [50] .
Meeting rising health care costs, which at least in part are attributed to the number of very old elderly, will be a major challenge for future generations. Some important interconnected considerations are:
1) the need to reduce the prevalence of disability in order to bring total life expectancy closer to active life expectancy. This is not only a fundamental indicator of efficacy -attaining the best possible level of quality of life -but also of the efficiency of the heath care system in that a diminution in disability implies a reduction in costs;
2) when the efficacy of the health system is being assessed, it is not sufficient to consider exclusively traditional indicators such as life expectancy or the reduction in the newborn mortality rate. Data on the prevalence of disability in the elderly population and active life expectancy free from disability and thus from burdensome health care needs and resources must be included;
3) the diversity in the DFLE between Northern and the Southern Italy supports the hypothesis that external factors not tied to ageing in itself can determine different levels of disability and thus the care needed by the elderly.
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